Abstract. In this work, problems related to calibration of solid phase microextraction (SPME) device were described. The effects of humidity and temperature on organic pollutants sampling from gaseous matrices on a 100 µm PDMS coated SPME fiber were studied. Standard gaseous mixtures used in these studies were generated by the permeation method and humidified to known levels of relative humidity. The SPME-GC-MS based procedure was used to determine organic vapours (carbon tetrachloride, toluene, chlorobenzene, p-xylene and n-decane) in a laboratory air. Key wo rd s. Solid phase micro ex t raction -gas ch ro m at ograp hy -calibration -vo l atile organic air pollutants -mass spectrometry.
Introduction
Due to possible health hazards many gaseous organic pollutants must be determined in indoor (including workplace) and outdoor air at very low concentrations [1] . Final analysis, generally performed by gas chromatography (the most suitable technique in this case), usually must be preceded by isolation and enrichment of analytes of interest to a concentration determinable with acceptable accuracy and precision. This step is commonly based on dynamic analyte trapping on solid sorbents, p a s s ive dosimetry and denu d at i o n [ 2 ] , wh i ch most often are lab o rious and time-consuming. Studies to modify existing analytical methodologies and also to develop new methods are constantly conducted.
Quite a new isolation and enri chment technique is the solid phase microextraction (SPME) developed by Pawliszyn et al. [3] [4] [5] [6] . In this technique the analytes are sorbed by a small diameter fused silica fiber coated with a thin film of s t at i o n a ry phase and subsequently desorbed in a GC injector. SPME combines analyte sampling, isolation and enrichment into one step; the analytes are desorbed from the fiber in an injection port and transferred directly to a chromatographic column for separation. To perform GC analysis, no m o d i fi c ation of a standard gas ch ro m at ograph is needed. Being quite simple and convenient, SPME has found wide application in analysis of different organic pollutants, mainly in aqueous matrices and, to a lesser extent in analysis of gaseous samples. Using SPME in combination with GC-ECD, Chai et al. [7] obtained the detection limits of the o rder of ppt (parts per tri l l i o n , v/v) and re l at ive standard deviations of 1 − 7% for volatile chlorinated hydrocarbons (VCHs) in air. Sample preparation time was quite short (c.a. 10 min). With a fiber coated with graphitised carbon black (GCB) Mangani and Cenciarini [8] have determined volatile organic compounds (VOCs) in different air samples (air in an underground parking ga rage and in occupational env ironments) with good accura cy and precision. Chai and Pawliszyn [9] have developed an SPME based gas ch rom atographic method to determine VOCs in air. They found that analytes could be detected at the part per trillion (ppt) to sub part per billion (ppb) concentration levels when GC equipped with an ion trap mass spectrometric detector was used. The precision of the method was 1.5 − 6% relative standard deviation (RSD). The authors claim that the combination of SPME with canister sampling has clear advantages over conventional canister sampling methods.
The aim of this wo rk was to develop SPME-GC-MS methodology of volatile organic pollutants determination in d i ffe rent gaseous samples. Being an equilibrium method SPME requires careful calibration. To calibrate the system standard gaseous mixtures were subjected to the complete analytical procedure (from sampling to final analysis) used for real samples. Partition coefficients of volatile organics between the fiber and air depend on temperature and humidity. The effect of these parameters on SPME-GC-MS response was studied.
Experimental

Reagents and materials
n-Decane (pure) was obtained from Merck (Germany); carbon tetrachloride, chlorobenzene, toluene and p-xylene (all reagent grade) and potassium acetate and potassium nitrate (both pure grade) we re all from Polskie Odczynniki Chemiczne (Poland). Activated charcoal (40 − 60 mesh) was f rom Zaklady Suchej Destylacji Drewna (Poland). PTFE foils of 50, 120 and 220 µm thickness (Du Pont, USA) were used for permeation membranes.
Apparatus
The apparatus for dynamic generation of gaseous standard mixtures with stop flow facilities used in this work (Fig. 1) is a modification of the apparatus described elsewhere [10] . It is equipped with two therm o s t ated gas wa s h e rs (3 in Fig. 1 ) containing saturated aqueous salt solutions. By salt selection the required humidity can be given to a standard gas mixture. When kept at a temperature of 20°C, saturated potassium acetate gives a relative humidity (RH) of 20% and saturated potassium nitrate solution gives a RH of 92%. For dry air measurements, humidifying washers (3) are removed and a drier packed with molecular sieve 5A is installed between purifier (1) and generators (2) . Drying adsorbent was regenerated periodically by baking at 360°C for 24 h.
For chromatographic analysis a Fisons GC-8000 gas chromatograph coupled with a Fisons MD-800 quadrupole mass spectrometer was used. GC-MS parameters were the same as given in an earlier paper [10] . An SPME holder for manual injection with a fused silica fiber coated with a 100 µm p o ly d i m e t hy l s i l oxane film was from Supelco (Bellefo n t e, PA, USA). Sampled analytes were desorbed from the fiber in an injection port of GC at a temperature of 250°C for 40 s.
Results and discussion
Determination of organic compounds in air as in any other matrix with use of SPME requires calibration. Subjecting a standard gaseous mixture to the analytical procedure (from sampling to final analysis) used for a real sample seems the best calibration approach in this case. SPME based GC methods consist of the two following steps: 1) extraction: The analytes are absorbed in a stationary phase coated on an SPME fiber (exposition), 2) injection: The analytes are thermally desorbed from the fiber and transferred to a chromatographic column.
Recovery of the analytes sorbed on the fiber (the second step) depends on the desorption time and the temperature of the injection port of the gas chromatograph. These paramet e rs we re determined in the previous studies [10] . Th e desorption temperature applied (250°C) was within a 200 − 270°C recommended range and below a 280°C maximum wo rking temperat u re given by the manu fa c t u rer (Supelco, Bellefonte, USA). At 250°C all the analytes of interest were quantitatively transferred from the fiber to the GC column in 40 s.
In an SPME based methodology, the sample analyte concentration is derived from the analyte amount absorbed in the fiber stationary phase. The most often used and reliable approach is based on the fiber exposition until equilibrium is reached. Partition coefficients determining the amount of an analyte sorbed by the fiber from a given matrix depend on the nature of the analyte and on the nature of the stat i o n a ry phase and also on some ex p e rimental para m e t e rs . For the air matrices the temperature and the humidity should be the most important parameters. They can influence partitioning of the analytes between the sample and the fiber and can also affect the equilibration time.
Studies of the temperature and humidity effects on the a n a lytes sorption on the SPME fiber we re preceded by establishing the extraction time (the fiber exposition time in the sample). This is based on the time determination to reach the equilibrium between the analyte concentration in the sample and the fiber stationary phase.
In table I equilibration times at different humidities, temp e rat u res and analytes concentrations in the standard gaseous mixtures for the analytes studied are given.
The equilibration time is determined by plotting the detector signal versus the time of fiber exposition in a standard gaseous mixture. Examples of plots for toluene at two different relative humidities and for n-decane at two different temperatures are given in figure 2.
The equilibration time for toluene increases by c.a. 1 min with increasing the relative humidity from 0 to 20% (Fig. 2 and Tab. I) and by less than 1 min on further increasing the 171 Original articles Fig. 1 humidity to 92% (Tab. I). The temperature increase from 20 to 25°C at RH = 0 does not have a statistically significant effect on the equilibration time for n-decane (Tab. I). For the most unfavourable situation in our studies the equilibration time ranged from c.a. 2 min for the most volatile analyte (CCl 4 ) to c.a. 10 min for the least volatile analyte (n-decane).
In case that some additional equilibration time lengthening factors could occur an extraction time of 15 min was fixed for further experiments.
Effect of humidity on analyte amount sorbed on a fiber (partition coefficients)
E ffect of humidity on the analyte sorption on the SPME fiber was studied with use of earlier designed and constructed apparatus for generation of gaseous standard mixtures, additionally equipped with gas washers for controlling humidity of gaseous mixtures (Fig. 1) . Washers are filled with saturated solutions of either potassium acetate or potassium nitrate which, at a temperature of 20°C, give constant relative humidities of 20 and 92%, respectively.
E ffect of re l at ive humidity on the sorption of analy t e s from mixtures at different analyte concentrations was studied for temperatures of 15, 20 and 25°C. The effect of humidity at a temperature of 20°C on analytes sorption is plotted in figure 3 . The sorption on the SPME fiber coated with PDMS at a temperature of 20°C decreases by ca 30% for CCl 4 and n-decane and ca 60% for toluene and p-xylene and ca 70% for chlorobenzene in the whole concentration range when RH increases from 0% (dry air) to 92%. For temperatures of 15 and 25°C similar decrease in the analytes sorption is observed.
The above results are consistent with those obtained by Chai et al. [7] , who have observed 49% decrease (on average) in the analytes sorption at 25°C when RH increased from zero (dry air) to 75%. Quite recently Martos et al. [10] have observed only ca 10 -18% drop at a temperature of 3 7° C , when RH increased from ze ro to 95%. The ex p e rimental results of ex p e riments on humidity effe c t s published up to now have concerned different temperatures and concentrations diffe ring by 2-3 ord e rs of mag n i t u d e ; therefore they are difficult to compare directly.
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Effect of temperature on partition coefficients
Partition coefficients of analytes between a stationary phase on the fiber and a gaseous phase is temperature dependent [11] . For a majority of cases absorption is an exothermic process and partition coefficients defined as a ratio of the concentration in a stationary phase and the gaseous phase decrease as temperature increases. The actual relationship is a function of the stationary phase and the analyte.
In figure 4 , the effect of the extraction temperature on the analyte sorption at a relative humidity of 20% is presented. Measurements were made for temperatures of 15, 20 and 25°C controlled with an accuracy of ±0.2°C. The increase in temperature by 10°C (from 15°C to 25°C) at RH = 20% decreases the amount sorbed by c.a. 15% for ch l o ro b e n ze n e, c.a. 30% for n-d e c a n e, by c.a. 40% for carbon tetra ch l o ride and 56% for toluene and p-x y l e n e. Similar changes were observed for RH = 0% and RH = 92%. The decrease in partition coefficients was independent of analyte concentration in the gaseous mixture. ).
Due to the relatively high decrease in the amount of the analytes sorbed with the 10°C increase in temperature, sampling temperature should be known with an accuracy better than 0.5°C.
Analysis of real samples
For accurate analysis, temperature and humidity of sampled gases should be measured. Once this is the case analyte concentration determination can be based on comparison of GC peak areas for the sample and for the standard gaseous mixture. With use of the apparatus shown in figure 1 the temperature of the standard gaseous mixtures (Fig. 1) can easily be controlled and the mixture can be humidified to a known level. For calibr ation, the temperature of the standard m i x t u re is adjusted to that of the analysed samples. Th e washers with a solution giving a known relative humidity lower than that of the sampled air are installed. The SPME fiber is exposed to the standard mixture for a predetermined time (15 min) and the analytes sorbed are analysed by GC-MS. The identical measurement are made for the standard mixture with the humidity higher than that of the sampled air. The peak area is linearly interpolated to the humidity of the sampled air. Since the partition coefficients are not concentration dependent the standard mixture of any analytes concentrations can be used for calibration provided that they are precisely known. From the data obtained the analytes concentration in the samples studied are calculated.
Selected organic micropollutants in a student ch e m i c a l laboratory were determined. Figure 5 presents an example of a chromatogram obtained. Parameters of the analysis were as fo l l ow s : sampling time = 15 min, air temperat u re = 2 4 . 5° C , re l at ive humidity = 54%. In the sampled air t o l u e n e, ch l o ro b e n ze n e, n-n o n a n e, n-d e c a n e, h ex a n a l , nu n d e c a n e, hy d ro p e rox i d e -h ep t y l , h ep t a n a l , 2 -m e t hy l -1 -nonene, octanal and 5,9-undecadien-2-one, 6,10-dimethyl-, (E) were identified.
The methodology based on SPME is simpler and faster than that based on analyte trapping in tubes packed with solid sorbents (e. g. Te n a x , C a r b owa x , a c t ivated ch a rc o a l , etc.). SPME sampling does not require additional equipment such as pumps, rotameters, aspirators, etc. SPME field application is quite easy and fast; therefore organic micropollutants can be sampled and determined on a large scale in indoor air, and also in at m o s p h e ric air in the vicinity of chemical plants, motorways and other roads.
